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lt.2012.12Abstract The study investigates the phonotactics of coda consonant clusters in Modern Standard
Arabic CVCC syllable from the perspective of the Sonority Sequencing Principle (SSP). Based on
around 500 CVCC lexical items listed in The Hans Wehr Dictionary of Modern Written Arabic,
and on Hogg and McCully’s (1987) sonority scale, the study provides an exhaustive quantitative
account of all possible coda manifestations which have been found in this study to fall into three
major categories: conformity (42%), sonority reversals (49%), and sonority plateaus (9%). The
study speciﬁes and thoroughly exempliﬁes the patterns and subpatterns under each, and concludes,
given the 58% of violation, that SSP is not a reliable phonological predictor for the sequencing of
the consonant clusters in Modern Standard Arabic CVCC coda, contrary to long standing phono-
logical assumptions that put much weight on the explanatory adequacy of this principle.
ª 2013 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Segments are said to be organized into well-formed sequences
according to universal principles. Whether within the syllable
or across syllables, this sequencing is traditionally held to be
driven by principles of sonority, a property that ranks seg-
ments a long a hierarchy from most sonorous to least sono-
rous. Amongst such principles is the Sonority Sequencing
Principle (SSP), which stipulates that onsets rise in sonority66 561252200; fax: +966
ail.com, yaltamimi@alfaisa-
.edu.jo (Y. Al Shboul).
Saud University.
g by Elsevier
. Production and hosting by Elsev
.003toward the nucleus, while codas fall in sonority. (Clements,
1990; Parker, 2002).
SSP is claimed to account for strong cross-linguistic distri-
butional and sequential tendencies (Geirut, 1999), and differ-
ent syllable structures in different languages have been
studied within its framework since Sievers (1881). Whether this
claim is true or not for Modern Standard Arabic (MSA) coda
in the extra heavy CVCC# syllable is a question that has re-
mained, to our knowledge, unsatisfactorily answered, as the
available literature, if not impressionistic, lacks for the most
part a thorough and an exhaustive investigation based on
quantitative evidence. The general indication one can obtain
from this literature is that Modern Standard Arabic CC coda
normally conforms to the principle, and if it does not, a vowel
epenthetic rule applies (See Section 3 below). This generaliza-
tion, though insightful, leaves much uncertainty about the ex-
tent to which the phonotactics of the coda clusters is canonical
from the perspective of the Sonority Sequencing Principle. It isier B.V. All rights reserved.
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search to bridge this gap in the literature.
The ﬁndings of a pilot study we performed revealed many
incidence of CC clusters that can be categorized under what
might be called ‘‘sonority reversals’’ and ‘‘plateaus’’ (Morellie,
1999: 20, Section 2.2 below), in addition to conformity, which
encouraged us to widen the scope of the data of the present
study to include all the CVCC lexical items listed in The
Hans-Wehr Dictionary of Modern Written Arabic – around
500 words in number.
Based on this exhaustive dictionary-based data, and adopt-
ing Hogg and McCully (1987) sonority scale for relevance (see
Section 2 below), the study aims to thoroughly and quantita-
tively answer the following questions related to the CC clusters
of Modern Standard Arabic CVCC lexical items:
1. What are the coda clusters that conform to the Sonority
Sequencing principle? What are their different patterns
and subpatterns? How frequent is each?
2. What are the coda clusters that demonstrate sonority rever-
sals? What are their different patterns and subpatterns?
How frequent is each?
3. What are the coda clusters that exhibit sonority plateaus?
What are their different patterns and subpatterns? How fre-
quent is each?
4. In view of the ﬁndings, is the Sonority Sequencing Principle
a reliable phonological predictor for Modern Standard
Arabic complex coda?
Given the purely descriptive and quantitative approach it
adopts and the ample evidence it provides, the study is meant
to be a detailed reference for researchers on the sonority of
Arabic complex coda in CVCC syllables.Table 2 Hogg and McCully’s Sonority Scale (1987).
Sound Sonority value Sound So
Low vowels 10 Flaps 7
Mid vowels 9 Laterals 6
High vowels 8 Nasals 5
Table 1 Modern standard Arabic consonant invent2. Background
2.1. Modern Standard Arabic
Modern Standard Arabic is the standard form of the Arabic
contemporary era, and the written record of its modern culture
(Al Soswah, 2002). Presented in Table 1 below is the consonant
inventory of this standard, as adapted from Amayreh (2003).
Modern Standard Arabic has a simple vowel system: three
short monophthongs: open /a/, close back /u/, and close front /
i/, and their long equivalents /a:/, /u: / and / i:/, respectively (Al
Otaibi and Hussain, 2010), and its syllable types include CV,
CVV, CVC, CVVC, CVCC (our emphasis), and CVVCC
(Holes, 2004), where C and V represent a consonant and a vo-
wel, respectively. Its syllable is similar to that of English in
having a nucleus (an obligatory segment either short or long),
onset, and an optional coda, but different in allowing no more
than one consonant in the onset.
2.2. Sonority Sequencing Principle
Complex onsets and codas are claimed to be governed by the
Sonority Sequencing Principle (SPS), which suggests, as stated
above, that sonority increases monotonically the closer one
gets to the sonority peak (the nucleus), and decreases as one
gets away from that peak (Goldsmith, 1990: 110). Since sonor-
ity can be best deﬁned in terms of intensity, in addition to air-
ﬂow obstruction and voice (Ladefoged, 1993; Moreton et al.,
2008), preference in sonority research has been given to the
sonority scales which are supported by intensity measurement,
such as those put forward by Kiparsky (1979), Hogg and
McCully (1987), Clements (1990) and Parker (2002). However,
in addition, Hogg and McCully’s scale, shown in Table 2nority value Sound Sonority value
Voiced fricative 4
Voiceless fricative 3
Voiced stops 2
Voiceless stops 1
ory.
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establishing sonority differences amongst different vowel clas-
ses (i.e. low, mid, high), and by breaking down obstruents into
fricatives and stops, and these, in turn, into voiced and voice-
less. This speciﬁcation suits the meticulous nature of the
descriptive approach adopted in the present study, and makes
possible answering the research questions.
According to Carlisle (2001): (4–5), ‘‘though the Sonority
Sequencing Principle expresses a very strong universal tendency,
complex margins may violate it in two manners. First, two seg-
ments in a margin may have the same sonority; these are known
as sonority plateaus (Clements, 1990) and are found in a few lan-
guages, including English, as in the words ‘sphere’ and ‘fact’.
Second, themore peripheral in the onset or codamay have high-
er sonority than a segment closer to the nucleus, such aberrant
sonority proﬁles are known as reversals and occur in some lan-
guages including English as exempliﬁed by spin, sky, ax, hops’’.3. Review of related literature
The phonotactics of Modern Standard Arabic consonant clus-
ters in the CVCC syllable has been handled in a few studies of
different phonological interests. For instance, in his study of
the role of h in repairing syllable structures, Obeidat (2010)
handles the CVCC syllable, considering its complex coda ‘‘dif-
ﬁcult to pronounce’’ in some instances, including /s¤abr/ ‘pa-
tience’, /hid3l/ ‘anklet’ and /nuqr/ ‘sound’. Such codas, he
adds, were even variably epenthesized by vowels in Classical
Arabic as he traced in Amr bin Al’alaa’s Reading of the Holy
Quran; in the poetry of Al Rajiz, and in Tamim Arabic. In the
same vein, Kenstowics (1986), in his ‘‘Notes on Syllable Struc-
ture’’, presents a set of CVCC lexical items representing Bed-
ouin Jordanian Arabic, though many of which sound
standard, and concludes that the Sonority Sequencing Princi-
ple can operate on the codas of /dars/, ‘lesson’, and /bint/,
‘girl’, but not on that of /himl/, ‘load’, realized consequently
as [himil]. Since the ml coda does not demonstrate ‘‘a falling
sonority proﬁle’’ (Kenstowics, p. 120), as stipulated by the
principle, it is vowel-epenthesized. The indication one may ob-
tain from such studies is that it is the norm for the coda con-
sonant clusters to conform to the principle, and if it does not in
some instances, vowel epenthesis regularly applies. In this con-
text, it is worth citing Labov (1966: 49) who contends that
‘‘such terms as ‘regularly’, ‘rarely’ and ‘sometimes’, etc. are
of limited value in a scientiﬁc discipline and a quantitative
treatment based on frequency of occurrence is called for’’.
The same indication can be obtained from the abundant re-
search on the subject matter in different non-standard dialects
(e.g., Haddad, 1983; Mansour, 1991; Kiparsky, 2003; Btoosh,
2006; Al Jumah, 2008; Daana, 2009). However, research based
on quantitative evidence, which is comparatively few, provides
more speciﬁc conclusions. Watson (2002), for instance, ﬁnds
that 30% of the San’ani Arabic complex coda exhibits sonority
reversals, and far less incidence of sonority plateaus. Similar
conclusions were drawn for Modern Standard Hebrew (e.g.
Gishri, 2009), a genetically related language.
In brief, despite its insightful observations, the available re-
search provides no exhaustive and quantitative account of
Modern Standard Arabic coda clusters that conform to SSP,
or violate it in the manner of sonority reversals and plateaus.
It neither identiﬁes the different patterns and sub patternsunder each category, nor does it provide their frequency of
occurrence. This constitutes the rationale behind conducting
the present research, which attempts to bridge these gaps by
answering the research questions stated in section 1.
4. Methodology
4.1. Data collection
Dictionary-based data can be used in sonority research. Kam-
busziya and Serish (2006), for instance, based their analysis of
vowel epenthesis in the Persian CVCC syllable on dictionary
data and so did Orzechowska and Wiese (2011) in their inves-
tigation of the phonotactics of German initial clusters. Consis-
tently, all the CVCC lexical items listed in The Hans-Wehr
Dictionary of Modern Written Arabic were collected and con-
sidered in the present study. The 493 words found were either
deverbal nouns or underived nouns. According to Kenstowics
(1986), ‘‘deverbal nouns are a good place to study the forma-
tion of such syllables since CVCC happens to be the underly-
ing canonical shape for a large class of deverbal
nominalization. CVCC class is also populated by an equally
large number of basic nonderived nouns’’ (p. 101).
One main advantage of this dictionary is that it is ‘‘com-
piled on scientiﬁc descriptive principles: only words and
expressions that are attested in context are included’’ (Hans
Wehr and Cowan, 1994: VII). However, as dictionary items,
these words appear in their citation or pausal forms. For
example, the deverbal CVCC noun ‘karb’ (misfortune) is a
pausal form that can be found in the dictionary and can also
be heard in formal speech if the speaker prefers not to use
the word’s inﬂectional forms, i.e. ‘karbun’; ‘karban’ or ‘karbin’
(where -un, -an, and -in represent the nominative, accusative
and dative case endings, respectively). In fact, many MSA
speakers, we observe, often use the pausal form even in con-
nected speech in order to avoid some inﬂectional complexities,
and this gives us the legitimacy of considering the CC coda of
this form. Moreover, it is only in this form that one can
straightforwardly identify the CC clusters of the CVCC
syllable.
4.2. Data analysis
The CVCC lexical items were phonemically transcribed and
analyzed in terms of onset, nucleus, coda ﬁrst consonant,
and coda second consonant in order to encompass each
syllable examined. The coda consonants in their phonemic
forms were identiﬁed and checked against Hogg and
McCully’s Sonority Scale presented in Table 2 above. Each
coda cluster in each lexical item was categorized where it ﬁts
under any of the three sonority possibilities: conformity, rever-
sals and plateaus, and the patterns and subpatterns of each
category were identiﬁed. Consistent with the sonority scale
used, affricates were treated as stop consonants. Coarticula-
tion, which may have some inﬂuence on consonant clustering
(e.g. Jongstra, 2003) has not been considered in this study as
it uses dictionary lexical items in the ﬁrst place, and it, in the
second, adopts Hogg and McCully’s sonority scale that
excludes coarticulatory effects. As such, the study is more
concerned with the coda consonant phonemes rather than with
their different phonetic realizations. MSA lexical items after all
24 Y.A.S. Al Tamimi, Y. Al Shboulare typically taken as the underlying representations for their
different phonetic forms that exist in different Arabic dialects.
5. Results and discussion
As checked against Hogg andMcCully’s sonority scale, the con-
sonant clusters of the 493 CVCC lexical items appear to fall into
the three major categories: conformity, sonority reversals and
sonority plateaus. Conformity has been observed in 208 cases
(42%); sonority reversals in 241 (49%); and sonority plateaus
in only 44 instances (9%), as demonstrated in Fig. 1 below.
5.1. Conformity to SSP
As stated above, (42%) of the CC codas appear to conform to
SSP. These ‘‘core clusters’’ or the ‘‘unmarked clusters’’ (Morel-
lie, 1999: 20) have been found to fall into six major patterns: 1)
ﬂap + consonant, 2) lateral + consonant, 3) nasal + conso-
nant, 4) voiced fricative + consonant, 5) voiceless
fricative + consonant, and 6) voiced stop + voiceless stop,
as exhibited in Fig. 2.
A part from the voiced stop + voiceless stop pattern, each
other conformity patterns has been found to comprise a num-
ber of subpatterns, as speciﬁed below.
5.1.1. Flap + consonant
Fifty-six CC coda instances out of 208 (27% of the conform-
ing codas) were found to follow the pattern ﬂap + conso-Figure 1 MSA CC coda and SSP.
Figure 2 Conformity patterns.nant, where the second consonant can be nasal (2
instances), voiced fricative (2), voiceless fricative (23), voice-
less stop (7), voiced stop (20), and glottal stop (2), as shown
in Fig. 3 below.
5.1.2. Lateral + consonant
The lateral + consonant coda pattern has been observed in 27
cases (13%) that can be categorized into 5 subpatterns: 1) la-
teral + nasal (3 cases), 2) lateral + voiced fricative (3), 3)
lateral + voiceless fricative (11), 4) lateral + voiced stop (5),
and 5) lateral + voiceless stop (5 instances), as demonstrated
in Fig. 4 below.
5.1.3. Nasal + consonant
The nasal + consonant coda pattern has been seen in 39 in-
stances out of 208 (19%) distributed into four basic subpat-
terns: 1) nasal + voiced fricative (11 instances), 2)
nasal + voiceless fricative (17), 3) nasal + voiced stop (8),
and 4) nasal + voiceless stop (3), as illustrated in Fig. 5 below.
5.1.4. Voiced fricative + consonant
The voiced fricative + consonant coda pattern has been ob-
served in 20 cases (10%) that spread out in three subpatterns:
1) voiced fricative + voiced stop (10 instances), 2) voiced fric-
ative + voiceless stop (4), and 3) voiced fricative + voiceless
fricative (6 instances), as demonstrated in Fig. 6 below.
5.1.5. Voiceless fricative + consonant
The voiceless fricative + consonant coda pattern has been
seen in 53 cases (25%) unfolding in three subpatterns: 1) voice-
less fricative + voiceless stop (25 instances), 2) voiceless frica-
tive + voiced stop (26) and 3) voiceless fricative + glottal stop
(2), as shown in Fig. 7 below.
5.1.6. Voiced stop + voiceless stop
Only a voiceless stop can function as a second consonant in the
conforming codas whose ﬁrst consonant is a voiced stop. This
clustering has been observed in 13 instances out of 208 (6%),
as represented in Fig. 8 below.
Having identiﬁed the different CC patterns and subpatterns
that conform to SSP, and shown that this conformity can only
appear in 42% of the data (thus answering the ﬁrst research
question), we can conclude that the CC coda of MSA CVCC
syllable is only partially conditioned by this principle, and this
provides an answer to the forth research question. The results
lend no support to the indications obtained from some studies
(e.g. Kenstowics, 1986; Obeidat, 2010) which suggest that
MSA CC coda normally complies with SSP. They also disfa-
vor the conclusions of general conformity to SSP drawn for
dialectal Arabic (e.g. Haddad,1983; Kiparsky, 2003; Btoosh,
2006; Al Jumah 2008; Daana, 2009). Legitimate MSA CC co-
das that violate SSP in the manner of sonority reversals and
plateaus are discussed below.
5.2. Reversals
As mentioned above, almost half of the CC clusters in the data
can be regarded as sonority reversals: 241 cases out of 493
(49%). This category has been found to include the following
six patterns, which are the reverse of the conforming patterns:
Figure 3 Conformity of ﬂap + consonant.
Figure 4 Conformity of lateral + consonant.
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nant + nasal, 4) consonant + voiced fricative, 5) conso-nant + voiceless fricative, and 6) voiceless stop + voiced
stop, as demonstrated in Fig. 9 below.
Figure 5 Conformity of nasal + consonant.
Figure 6 Conformity of voiced fricative + consonant.
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Figure 7 Conformity of Voiceless Fricative + Consonant.
Figure 8 Conformity of voiced stop + voiceless stop clusters.
Figure 9 Reversal patterns.
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Fifty-nine CC coda instances out of 241 (2.4.5%) have been
found to follow the pattern: consonant + ﬂap, where the ﬁrst
consonant can be: nasal (1 incidence), voiced fricative (6),
voiceless fricative (26), voiced stop (10), voiceless stop (14),
and glottal stop (2), as shown in Fig. 10 below.
5.2.2. Consonant + lateral
The lateral + consonant coda pattern has been observed in 46
CVCC lexical items (19%) that can be categorized into the fol-lowing six subpatterns: 1) nasal + lateral (4 cases), 2) voiced
fricative + lateral (8), 3) voiceless fricative + lateral (18
cases), 4) voiced stop + lateral (6). 5) voiceless stop + lateral
(8), and 6) glottal stop + lateral (2 cases); as demonstrated
in Fig. 11 below.
Figure 11 Sonority reversals of consonant + lateral.
Figure 10 Sonority reversals of consonant + ﬂap.
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The consonant + nasal pattern has been observed in 58 in-
stances out of the 241 (24%) that can be categorized into four
subpatterns: 1) voiced fricative + nasal (13 instances), 2)
voiceless fricative + nasal (25), 3) voiced stop + nasal (12),
4) voiceless stop + nasal (6), and 5) glottal stop + nasal (2),
as displayed in Fig. 12 below.
5.2.4. Consonant + voiced fricative
The consonant + voiced fricative coda pattern has been seen
in 29 cases (12%) that can appear in three subpatterns: 1)
voiced stop + voiced fricative (15 instances), 2) voiceless
stop + voiced fricative (7), and 3) voiceless fricative + voiced
fricative (7) instances), as shown in Fig. 13 below.
5.2.5. Consonant + voiceless fricative
The consonant + voiceless fricative coda pattern has been
observed in 39 cases (16%) that can be observed in three
subpatterns: 1) voiceless stop + voiceless fricative (13 cases),
2) voiced stop + voiceless fricative (25) and 3) glottalFigure 12 Sonority reversastop + voiceless fricative (one case), as shown in Fig. 14
below.
5.2.6. Voiceless stop + V voiced stop
The reversal pattern of voiceless stop + voiced stop has been
seen in only 10 cases out of 241 (4%), as represented in
Fig. 15 below.
Having identiﬁed the different CC patterns and sub pat-
terns that exhibit sonority reversals, and shown that this dras-
tic violation occurs in 49% of the data (thus answering the
second research question), we can conﬁrm our previous con-
clusion that SSP is not a reliable phonological predictor for
the CC coda of MSA CVCC syllable. In principle, the exis-
tence of incidence of sonority reversals reported by Kenstowics
(1986), Obeidat (2010) is supported, though quantitatively
revealed here to be much greater than implied in their indica-
tions. The results also back up Watson (2002) ﬁndings of 30%
of ‘reversals’ incidence in San’ani Arabic.
According to Carlisle (2001): (5), the reversal patterns are
regarded as ‘‘a more serious departure from the sonority
sequencing Principle than sonority plateaus’’. Indeed, 49%ls of consonant + nasal.
Figure 13 sonority reversals of consonant + voiced fricative.
Figure 14 sonority reversals of consonant + voiceless fricative.
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Figure 15 sonority reversals of voiceless stop + voiced stop.
Figure 16 Plateau patterns.
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explanatory adequacy of SSP, traditionally held to account for
strong cross-linguistic distributional and sequential tendencies
(Geirut, 1999). Sonority Plateaus to be handled below can pro-
vide a further insight.Figure 17 Identiﬁcation of sonority plateau patterns.
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As shown in Fig. 1 above, sonority plateaus unfold in 44 in-
stances out of 493 (9%) that can be categorized into ﬁve pat-
terns: 1) nasal + nasal (3 instances; 7%), 2) voiced
fricative + voiced fricative (3, 7%), 3) voiceless frica-
tive + voiceless fricative (27; 61%), 4) voiced stop + voiced
stop (6, 14%), and 5) voiceless stop + voiceless stop (5,
11%), as represented in Fig. 16, and identiﬁed and exempliﬁed
in Fig. 17.
As can be observed in Fig. 16, the pattern of voiceless fric-
ative + voiceless fricative is the largest amongst the sonority
plateau patterns and this can be attributed to the existence
of eight voiceless fricative consonants in MSA phonemic
inventory, in contrast with less members in all other natural
classes, as can be seen in Table 1 above.
The foregoing provides an exhaustive answer to the third
research question related to sonority plateaus in MSA CC
coda. The occurrence of only 9% of plateaus in this coda is
consistent with Carlisle (2001) generalization that in languages,
sonority plateaus are less frequent and marked. It also lends
some support to Watson (2002) ﬁndings of some incidence of
sonority plateaus in San’ani Arabic, and, though indirectly,
to Gishri (2009) similar ﬁndings for Modern Hebrew.
6. Conclusions
Based on an exhaustive quantitative evidence, the study pro-
vides a thorough account of the different MSA CC coda pat-
terns and subpatterns that either show conformity to the
Sonority Sequencing Principle or violate it in the manner of
sonority reversals and plateaus. Contrary to what is taken
for granted in the literature that MSA CC coda normally com-
plies with SSP, the study reveals compliance in only 42% of the
data, and, consequently, breaking in 58%; distributed between
sonority reversals (49%) and sonority plateaus (9%).
Although sonority plateaus are ‘‘less dangerous’’ than
sonority reversals according to Carlisle (2001): (5), they still
form a violation to the principle. The MSA CC coda is thus
almost divided between compliance and insurgence, with some
inclination toward the latter status. This state of affairs poses
challenge to SSP which has been assumed for long to govern
complex onsets and codas in syllables. Accordingly, reconsid-
ering a more relevant theoretical model outside the scope of
the sonority theory is called for. Steriade (1995) Perceptibility
Theory already advocated by Ohala and Kawsaki (1997),
Wright (2004), Moreton et al. (2008) might be thought of as
a more relevant alternative. The theory simply suggests that
a segment’s compatibility within a given environment depends
on how accurately it is likely to be perceived in that environ-
ment. Our ongoing research on the acquisition of MSA ﬁnal
consonant clusters by Jordanian children indicates that the
perceptive dimension remains a valid option. Further research
is recommended, though, to examine the relevance of the per-
ceptibility theory to the phonotactics of MSA complex coda.References
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